This study aimed at estimating the prevalence of osteoporosis and osteopenia in a Sardinian isolated population using hand quantitative ultrasound and at investigating the associated factors. The authors utilized a subset of data from a large population-based epidemiologic survey carried out in the Ogliastra region of Sardinia between 2003 and 2008. The sample consists of 6,326 men and women aged !30 years, who underwent quantitative ultrasound at the phalanges, bioelectrical impedance, anthropometric measurements, blood tests, and a standardized epidemiologic questionnaire collecting sociodemographic, lifestyle, medical, physiologic, and pharmacologic data. The T-score thresholds for amplitude-dependent speed of sound of À3.2 standard deviations and between À3.2 and À1 standard deviations were used to diagnose osteoporosis and osteopenia, respectively. Prevalence of osteoporosis was 17.0% in women and 5.2% in men. Logistic regression analysis revealed that factors associated with osteoporosis were age, anthropometric and bioimpedance measures, alkaline phosphatase levels, and menopause in women. High education, exercise, and beer consumption seem to be protective factors, whereas a family history of osteoporosis is a risk factor. Results show that osteoporosis in this population is comparable with that found in different countries, suggesting that quantitative ultrasound could be used more widely to detect high-risk individuals for preventing osteoporotic fractures.
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Osteoporosis is a major public health problem due to the morbidity and mortality associated with osteoporotic fractures, especially hip fractures. The risk of fracture increases with age as a result of declining bone mass and increasing liability to fall. For this reason, the direct and indirect costs incurred by osteoporotic fractures become more relevant with an aging population (1, 2) . Osteoporotic fractures are an important cause of excess morbidity and mortality among elderly individuals (3) . In Italy, almost 4,000,000 women are affected by osteoporosis and thus at risk of fracture, with a prevalence higher than 40% in women older than 60 years of age (4) . Osteoporosis affects an estimated 75 million people in Europe, the United States, and Japan, taking a huge personal and economic toll (5) . In Europe, the disability due to osteoporosis is greater than that caused by cancers (with the exception of lung cancer) or by a variety of chronic noncommunicable diseases, such as rheumatoid arthritis, asthma, and high blood pressure-related heart diseases (6) . For these reasons, a lot of attention at the moment is focused on preventive strategies: Identifying subjects at risk is of basic importance because prevention is possible for osteoporosis. Another problem is the difficulty to apply the more widespread use of fracture prophylaxis in at-risk individuals: Osteoporosis remains underdiagnosed, and a lot of patients discover they have osteoporosis only when a fracture has already occurred (7, 8) . Evidence suggests that many women who sustain a fragility fracture are not appropriately diagnosed and treated for probable osteoporosis (9) (10) (11) . Improving diagnosis and treatment of osteoporosis before disabling fractures occur has thus become recognized as an important public health challenge.
Diagnosis could be improved by the more widespread use of quantitative ultrasound measurement, a technique for measuring the peripheral skeleton that can be performed quickly. It is relatively inexpensive and portable, and it does not involve radiation in comparison with the classic dualenergy x-ray absorptiometry (DXA) at the hip and lumbar spine. Another advantage is that quantitative ultrasound provides additional information about osteoporotic fracture risk beyond that obtained from bone density, as it has been demonstrated that quantitative ultrasonography assesses qualitative characteristics of the bone, such as microarchitecture and elasticity (12, 13) . Large prospective studies have confirmed that quantitative ultrasound measurements can identify individuals at risk of osteoporotic fractures with a similar confidence to that of DXA (14, 15) . On the other hand, some studies revealed that quantitative ultrasound should not be seen as a substitute for bone mineral density, and its accuracy in the diagnosis of osteoporosis is unclear. It remains important to note that high-risk individuals who are more likely to benefit from DXA testing could be selected by this method (16) . For all these reasons, quantitative ultrasound could be considered an ideal tool to screen for osteoporosis at the community level (17, 18) .
Here, we present the results of a large population-based survey estimating the prevalence of osteoporosis and osteopenia in the adult population of a region of Sardinia (Ogliastra) and assessing osteoporosis determinants.
MATERIALS AND METHODS

Population features
Ogliastra is one of the most isolated and anciently populated areas in Sardinia. It is a mountainous region flanking the eastern coastal area. Its small communities lie on the mountainside and entertained very few exchanges among each other and with large towns because of geographic barriers and lack of roads.
The Ogliastra population has grown slowly and uniformly through time with no relevant immigration: From 12,000 inhabitants in the 17th century, it now numbers 65,000 people. They are dispersed into 23 villages, many of which with less than 1,500 residents, and all are characterized by a great deal of homogeneity in lifestyle and eating habits.
Subjects and study design
The sample analyzed in this study is a subset of a larger data set coming from an epidemiologic survey aiming at studying many complex diseases (19) . The study was carried out between April 2003 and March 2008 in 10 villages of the Ogliastra region: Baunei, Escalaplano, Loceri, Perdasdefogu, Seui, Seulo, Talana, Triei, Urzulei, and Ussassai. The study design was cross-sectional and population based. To recruit subjects, we obtained a list of all residents provided by each village's municipality, and people were invited to take part in the study by means of letters sent to everybody and information campaigns. Furthermore, word of mouth among the first-enrolled people made a high level of recruitment possible. This survey was carried out by trained personnel (physicians, nurses, and biologists) at suitably equipped sites that local administrations made available in each village. Staff members organized meetings with the inhabitants in order to explain the study and, in addition, they scheduled appointments and obtained written, informed consent from all participants. A total of 12,517 people aged 30-105 years were enrolled.
For logistic reasons in Baunei, Seulo, and Ussassai, quantitative ultrasonography was performed only on women and, in the present study, we used data on 6,326 individuals (4,302 women and 2,024 men) for whom quantitative ultrasound measurements and all other data were available. Included subjects were aged 30-103 years, and they represent about 84% of the 10-village population in the same age range. No exclusion criteria were applied.
The research adheres to the tenets of the Declaration of Helsinki. The review board of the Italian Ministry of Education, University, and Research, which financed the research project, approved the study.
Interview and measurements
All participants gave a blood sample and underwent anthropometric measurements, bioelectrical impedance, quantitative ultrasonography, and a structured questionnaire collecting sociodemographic, lifestyle, medical, and pharmacologic history data. During the interviews, particular care was used to identify and record the best known risk factors for osteoporosis besides fractures and personal and family history of osteoporosis. Among living habits, we gathered information on physical (never/occasional/moderate/ intense) and sport (never/occasional/1-2 times per week, >2 times per week) activity, current smoking (number of smoked cigarettes per day), and alcohol consumption (number of glasses per day of wine, beer, and spirits), whereas among clinical data we recorded age at onset of menopause, age at menarche, number of pregnancies in women, and previous diagnoses of osteoporosis, rheumatoid arthritis, chronic endocrinopathy, and gastropathy. Finally, we collected data on antiresorptive therapies (hormone replacement therapy, bisphosphonates, calcium plus vitamin D supplements, calcitonin, and raloxifene) and chronic use of oral contraceptives in women, steroids, chemotherapy, and treatments affecting bone metabolism.
Biochemical analyses including serum calcium, serum phosphorus, and alkaline phosphatase were done in our central laboratory in Perdasdefogu (Targa 3000; Biotecnica Instruments, Rome, Italy).
For anthropometric measurements (weight, height, waist, and wrist and hip circumferences), subjects were examined while wearing only their underwear. Body mass index (weight (kg)/height (m) 2 ) and waist/hip ratio were calculated. Bioelectrical impedance (BIA 101; RJL/Akern Systems, Florence, Italy), measuring the resistance and reactance, was used to determine body composition as to fat, fat-free, lean, and muscular masses and phase angle, which is an indicator of cellular health and integrity (20) .
Bone mass was assessed on the nondominant hand by AD-SoS using a quantitative ultrasound device (DBM Sonic Bone Profiler; IGEA S.p.A., Modena, Italy). The device is based on the transmission of ultrasound through the proximal phalanges (digits II-V), and probes are applied to the lateral surfaces of the fingers. The coupling of the probes with the skin is mediated by standard ultrasound gel. T-score thresholds for AD-SoS of À3.2 standard deviations and between À3.2 and À1 standard deviations were used to identify subjects as having osteoporosis and osteopenia, respectively (21) .
Nine operators, all trained in the proper use of the quantitative ultrasound device by the same high experienced technician, performed the measurements. Reproducibility was evaluated for each of the 9 operators; each operator performed 5 repeated measurements, on different days, on at least 2 adult subjects. The 3 DBM Sonic Bone Profiler devices we used were cross-calibrated at the start of the study by using a special phantom provided by IGEA S.p.A. (Carpi, Italy). At the start of data collection, the speed of ultrasound in the composite mother phantom provided by IGEA S.p.A. was within the accepted range, that is, 2,565 (standard deviation (SD), 13) m/second for AD-SoS and 2.14 (SD, 0.16) mV for amplitude of the first peak. The values were checked at the end of data collection, and they were not statistically different from those recorded at the beginning of the study, thus confirming the crosscalibration of the devices. Additionally, in order to verify the stability and calibration of all the devices and according to the manufacturer's guidelines, quality controls were done every time the quantitative ultrasound devices were used.
Statistical analysis
Descriptive statistics representing means, percentages, standard deviations, ranges, and 95% confidence intervals were computed. One-way analysis of variance with Bonferroni correction was applied to examine differences in age, weight, height, wrist circumference, body mass index, waist/hip ratio, fat-free, fat, and muscular masses, phase angle, AD-SoS, serum calcium, serum phosphorus, and alkaline phosphatase among men and premenopausal and postmenopausal women. Chi-square testing was used to examine differences in the reproductive history of women, prevalence of osteoporosis, alcohol and coffee consumption, smoking habit, physical and sport activity, and heavy-work lifelong occupation among men and premenopausal and postmenopausal women. Estimates of osteoporosis prevalence were standardized by the direct method to the age and sex distribution using 2008 Italy census data (22) .
Multiple logistic regression analysis was used to find the best model for the association between osteoporosis and all the variables we collected data on in men and women. Variables reaching statistical significance (P < 0.05) were included in the final model, where data are presented as odds ratios and 95% confidence intervals.
All statistical procedures were performed by using STATA, version 11, software (StataCorp LP, College Station, Texas).
RESULTS
Characteristics of sample subjects
The sample consists of 6,326 subjects (4,302 women and 2,024 men) aged 30-103 years. Less than 1% of subjects had missing data for some variable. Table 1 shows a socioeconomic description of the study participants by sex. The male population was higher educated and predominantly employed.
Premenopausal women accounted for 41.2% of the female population. The mean age at menarche is 13.7 (SD, 1.8) years, ranging from 8 to 25 years; the mean age at menopause is 49.2 (SD, 4.6) years, ranging from 22 to 66 years; and the mean number of children is 3.0 (SD, 1.8), ranging from 1 to 13 babies.
Continuous variables relative to anthropometric measurements, bioelectrical impedance, quantitative ultrasonography, and blood serum tests are summarized in men and premenopausal and postmenopausal women ( Table 2 ). The mean age is 55.5 (SD, 14.9) years in men and women. All anthropometric measurements except for height were significantly lowest in premenopausal women, whereas phase angle and fat-free and muscular masses were highest in men. The lowest AD-SoS values and the highest serum calcium, serum phosphorus, and alkaline phosphatase values were observed in postmenopausal women.
Life habits of the sample cohort are shown in Table 3 . Respectively, about 56% of men and 20% of premenopausal and 33% of postmenopausal women drink wine, which is the most popular alcoholic beverage. About 16% of men, 12% of premenopausal women, and 2% of postmenopausal ones smoke more than 10 cigarettes per day. More than 60% of the study sample take from 1 to 3 cups (from 24 to 72 cL) of coffee per day; about 70% do moderate or intense physical activity, while only 10% of men and premenopausal women and 4% of postmenopausal ones participate in sport regularly. Finally, most of the men had a lifelong occupation involving heavy work, whereas most of the women had one involving medium-heavy work. Tables 4 and 5 show the prevalence of osteoporosis and osteopenia in men and women by age groups. Osteoporosis increased significantly with age (P trend < 0.01) and, in people over 80 years of age, the value of 62% for females and 26% for males is reached. According to the AD-SoS T-score, the overall standardized prevalence of osteoporosis is 5.2% (95% confidence interval (CI): 4.3, 6.0) in men and 17% (95% CI: 16.0, 17.9) in women, whereas the osteopenia prevalence is 39.2% (95% CI: 37.2, 41.2) and 41.3% (95% CI: 39.9, 42.7) in men and women, respectively. Considering each village separately, very different results were observed: Notably, Talana shows the highest osteoporosis prevalence in both sexes, and Urzulei shows the lowest one (Figure 1) .
Prevalence of osteoporosis and treatment
Among osteoporotic women, as diagnosed by quantitative ultrasound, 54% were aware of being affected, whereas among osteoporotic men, 17% were aware of it. Similarly, as far as osteopenia is concerned, only 28% of women and 5% of men were aware of their condition. Considering subjects under any treatment, calcium supplements (59%) and bisphosphonates (53%) were the most commonly used osteoporosis drugs. Hormone replacement therapy was used by 16% of treated women. Raloxifene (3%) and calcitonin (1.4%) were rarely prescribed. Finally, men were less likely than women to receive treatment for osteoporosis: 0.8% of men and 15% of women among osteopenic subjects and 0.9% of men and 24% of women among osteoporotic ones.
Analysis of osteoporosis-associated factors
As osteoporosis prevalence is over 3 times higher in women than in men, we performed sex-specific multiple logistic regression analyses. In Figure 2 , independent significant factors (P < 0.05) in the best models for both sexes are displayed. In both men and women, aging, family history of osteoporosis, and alkaline phosphatase increments are associated with an increased risk of osteoporosis, while higher phase angle values are associated with a decreased risk. Men who are taller and who regularly drink beer or play sport activity have a reduced risk of osteoporosis, whereas increased fat mass seems to be a risk factor for the disease. Postmenopausal women had a 6 times higher risk of osteoporosis than premenopausal ones. Among women, higher educational levels and being employed or housewives versus not working, as well as increasing degrees of physical activity, were associated with a reduced risk of osteoporosis, whereas larger wrist circumferences, being affected by a gastrointestinal disease, or taking steroids was associated with an increased risk of osteoporosis. a Analysis of variance of continuous traits among men and premenopausal and postmenopausal women with multiple comparison tests using Bonferroni correction.
b Mean values for all parameters were significantly different in all comparisons (P < 0.001; 2 sided) but fat mass in men and premenopausal women.
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DISCUSSION
The ''gold standard'' for identifying individuals with osteoporosis or at higher risk of osteoporotic fractures is bone mineral density as measured by DXA (23) . Nonetheless, the increasingly popular use of quantitative ultrasound at peripheral sites for measuring bone density in large populations confirms that ultrasound well discriminates between subjects at risk of fractures and those who are not and might be a reliable tool to identify individuals with osteoporosis and osteopenia (24) (25) (26) (27) (28) (29) . Quantitative ultrasound measurement can be performed quickly, is relatively inexpensive, is portable, and involves less radiation, thereby being suitable for large epidemiologic studies.
In this study, we determined the prevalence of osteopenia and osteoporosis in an Italian isolated population by using quantitative ultrasound at the phalanges and assessed the related factors. The overall prevalence rates of osteopenia and osteoporosis that we observed are similar to those reported in several other studies in different countries, using either DXA (30) (31) (32) (33) or quantitative ultrasound devices (34) (35) (36) (37) . Women, because of the effect of menopause, are greatly affected by osteoporosis, as osteopenia is equally frequent in men and women. Notably, the prevalence of osteoporosis is from 4 to 5 times higher, respectively, in women and men aged 60-69 years in respect to those aged 50-59 years. Such an increase is certainly due to the physiologic deterioration of bone tissue with aging, but it should also be noted that people older than 65 years were teens and young adults during and after World War II, and they could have suffered malnourishment. Exposed to a period of inadequate calcium intake, they are more likely to suffer from osteoporosis. This observation has been reported in several studies, referring to populations that have experienced the war (38, 39) . In addition, we found dissimilar prevalences of osteoporosis among Ogliastra villages, so that we checked for a possible different distribution of the related factors among the 10 villages. Interestingly, older ages, shorter stature, higher body mass index , fat mass, or wrist circumference values, and higher levels of alkaline phosphatase were observed in villages with greater osteoporosis prevalence, whereas higher education, more intense physical or sport activity, and less affected relatives were observed in villages with lower osteoporosis prevalence. Furthermore, previous studies on this population have highlighted significant genetic heterogeneity among Ogliastra villages (40, 41) . Therefore, we suggest that this finding is likely due to both genetic and environmental heterogeneous characteristics of the investigated villages. Women are more aware of being osteoporotic or osteopenic compared with men. Furthermore, men are less likely than women to receive treatment for osteoporosis, and this likely depends on the misconception that osteoporosis is a woman-only problem. Moreover, very few treated patients received raloxifene or calcitonin, the majority of them receiving calcium supplements or bisphosphonates. We think that, despite extensive attempts at increasing awareness among health professionals and the public at large, osteoporosis is still rarely singled out as a problem, and the majority of diagnosed cases are not managed according to guidelines.
Most of the factors that have been found related to osteoporosis in several epidemiologic studies (42) (43) (44) (45) were confirmed in this sample. Increased age, weight, body mass index, fat mass, and alkaline phosphatase were associated with a significantly increased risk of osteoporosis. This study also agreed with previous research reporting that a high educational level, exercise, and having a lifelong occupation involving active work can help protect subjects from osteoporosis. Furthermore, moderately drinking beer, which contains high levels of silicon, seems to be a protective factor, supporting that silicon impacts bone mineral density in humans (46) . At last, the high odds ratio of family Top, adjusted odds ratios (ORs) for osteoporosis along with 95% confidence intervals. For independent quantitative variables (age, wrist circumference, phase angle, serum calcium (S-calcium), and alkaline phosphatase), coefficients represent 1Àquartile increments. Reference categories for independent categorical variables are premenopausal status, lowest educational level, nonworking status, no exercise, not affected by gastrointestinal diseases, not assuming steroids, and no family history for osteoporosis. Bottom, adjusted odds ratios for osteoporosis along with 95% confidence intervals. For independent quantitative variables (age, height, fat mass, phase angle, and alkaline phosphatase), coefficients represent 1Àquartile increments. Reference categories for independent categorical variables are occasionally drinking beer, never participating in sports, and no family history for osteoporosis.
history of osteoporosis corroborates the thesis of a complex nature of this disease, in which genetics plays an important role. The finding of a 41% heritability of AD-SoS in a recent study on the same population also supports this argument (47) .
The present study has several limitations. First, in 3 of the 10 villages, we have not carried out quantitative ultrasonography on the male population; nevertheless, data collected in the other villages allowed us to have a sufficiently large sample to perform an adequate description of osteoporosis in men. Second, this study was a cross-sectional survey, and we could not measure all factors affecting the risk of osteoporosis. Moreover, the ascertainment of exposure to many factors is not prior to the onset of the disease, making it impossible to reflect the real cause-effect relation and just allowing suggestion of an hypothesis. Though a prospective study is needed to confirm any association between osteoporosis and related factors, we observed many of the wellidentified risk factors for osteoporosis. Another limitation has to do with the lack of data on some important environmental factors related to osteoporosis, such as calcium intake, for example. Finally, although the special population we studied could represent a limitation when generalizing results to other populations, the fact that the overall estimate of osteoporosis was similar to those reported in several other studies is reassuring.
This study also has some strengths. Mainly, it is one of the few population-based studies on osteoporosis and related factors conducted in a large sample of healthy Italian people. In addition, the high standard quality of data collection phases guaranteed a homogeneous and reliable assessment of the participants: All data but information on health conditions were not self-reported but objectively measured by the same trained personnel using the same validated instruments.
In conclusion, this study shows that osteoporosis in a Sardinian adult population, as determined by quantitative ultrasound, is comparable with that found in different countries, but it appears to be underdiagnosed and undertreated, and intervention strategies should be considered to improve awareness and management of risk factors. Although it should not be considered as an alternative to DXA, quantitative ultrasound is faster, cheaper, and easier to use within general practice, so it could be used more widely in primary care centers to detect high-risk individuals who are the target group for preventing osteoporotic fractures.
